Proteome analysis of glycoforms: a review of strategies for the microcharacterisation of glycoproteins separated by two-dimensional polyacrylamide gel electrophoresis.
Preparative two-dimensional polyacrylamide electrophoresis (2-D PAGE) is a method of separation which for the first time allows protein isoforms to be readily purified for subsequent analysis. The profile of the 2-D separation of the protein complement (proteome) of eukaryotic cells and tissues typically contains obvious 'trains' of spots which differ in pI and/or apparent molecular mass. These are usually isoforms of the same protein and result from post-translational modifications. There is growing evidence that alterations to the glycosylation and/or phosphorylation of a protein can be correlated with developmental and pathological changes; these changes can be visualised on the 2-D separation. It is not clear, however, how these modifications alter the structural properties of the protein and affect their migration in this mode of separation. Strategies need to be developed to obtain a more detailed understanding of the reason for the appearance of isoforms as discrete spots on 2-D PAGE. Standard proteins, fetuin and ovalbumin, were used to monitor the effect of the removal of glycans and phosphates on the migration of the glycoproteins in the 2-D system. The isoforms were not simply explained by the presence or absence of a single modification. To further investigate the reasons for the different migration of the isoforms it is necessary to characterise the modifications in more detail. Unlike protein analysis, until recently the available methodology for the analysis of the glycans attached to proteins has not been sensitive enough to allow analysis of single spots in gels or blots resulting from 2-D electrophoresis. In this paper we review current and future strategies for characterisation of protein modifications using single spots from 2-D gels.